. Comparison of crystal data for bismuth sulphide halides of the type B i19S27X 3 (X: Cl, Br, I).
Formula
B i19S2:C13 B ii9S27Br3 B i19S27I 3 a A Catalyzed oxidation of sulfite ions by oxygen has long been considered to proceed via a chain mecha nism1-5. The copper catalyzed thermal reaction has been assumed2 to involve steps (1-7).
Initiation
Cu2+ + SO|--> Cu+ + S 0 3 (1) (2 Cu+ + 0 2 + 2 H+ -> 2 Cu2+ + H 20 2)
Propagation so; + o2 sor ( 3) SO5 + HSOä -> HSOr + SO3
Termination (HSOJ + SO2--> HS07 + SO2-) (5) SOä + SO3 (6 ) sor + S07
Requests for reprints should be sent to Dr. J. V e p r e k -s i s k a , Tschechoslowakische Akademie der Wissenschaften, Institut für anorganische Chemie, 16000 P raha 6, Majakovskeho 24/Tschechoslowakei. blance of the powder diagrams and of the singlecrystal photographs suggest that the two other compounds have the same atomic arrangement.
Further studies of the system Bi2S3-BiCl3 -involving the new bismuth sulphide chloride Bi4S5Cl2 -are in progress. The reaction mechanism was proposed on the basis of a few qualitative findings5: The reaction is sensitive to trace impurities and in extremely pure systems proceeds at an almost negligible rate. The reaction velocity is significantly increased by trace quantities of some metal ions; very strong effects are observed with copper cations. As in an inert atmosphere copper(II) cation oxidizes sulfite to dithionate the catalytic effect of copper ions was explained by the assumption that copper(II) ion oxidizes sulfite ions to SO3 radicals which initiate the reaction with oxygen. Attempts to verify the suggested mechanism by kinetic studies5 meet with difficulties typical for trace metal catalyzed reactions and are, therefore, not very successful. Recently6, new information on the reactions of the intermedi ates assumed were obtained from flash photolysis and pulse radiolysis of S 03. These results made the authors modify the mechanism of propagation and to postulate the S07 radical as a chain carrier. The original idea assuming the initiation of the chain reaction by one-electron transfer (reaction (1)) was maintained. This idea, however, considers neither formation of sulfito-cuprous complexes nor oxida tion of cuprous ion by oxygen. If these reactions are taken into account several discrepancies result which are hardly compatible with the assumption of the radical mechanism.
Investigating the autoxidation of sulfite catalyzed by copper(II) ion it was found that the cupric ion was immediately and quantitatively reduced by sulfite to cuprous ion which reacts to form sulfitocuprous complexes (see also ref. 
As it could be seen from equations (8 ) (2) and (3), k* = the kinetic chain length. Using the value10 k 2 = 3.5 X 104 mole-11 sec-1 for the rate constant of the oxidation of cuprous ions by oxygen the kinetic chainlengthk* = 6 .3 X 1011 was calculated. Due to this value, the reactions of the radical SO3 with oxygen (equation 3) should be at least 6.3 X 1011 times more probable than its recombination and relation (11) should, therefore, hold
(11) Using k 6 = 5.5 x 108 mole-1 1 sec-1 for the rate constant6 of radical recombination the concentration of [S03] < 5.4 X 10-13 M will be obtained from equation (11) for k = 2 x 10-4sec-1 and [SOg-] = l m. For this concentration of S 0 3 radical, however, a value k3 > 1.4 x 1012 mole-1 1 sec-1 follows from relation (11). Considering that the theoretical value of the rate constant9 for a diffusion-controlled pro cess between uncharged particles is 7 X 109 mole"1 1 sec-1 and the rate constant for a diffusion-con trolled process between oppositely charged particles is ~ 1011 mole-1 1 sec-1, the calculated value of k3 is too high and, consequently, reaction (11) seems to be improbable.
The ratio between concentrations of cuprous ion and individual sulfito-cuprous complexes in the solution under consideration ( : 109-36. When concentrations and rate constants for reactions of the individual particles with oxygen are compared, the oxidation of sulfito-cuprous com plexes is much more probable than the oxidation of cuprous ions. The rate constant of oxidation of cuprous ions with oxygen10 is k2 = 3.5 X 104 mole-1 I sec-1 and at pH > 4 independent of pH. Rate constants for autoxidation of cuprous complexes given in the literature10-11 are in the range 1 x 103-4 x 104 mole-1 1 sec-1. Rate constants for autoxi dation of sulfito-cuprous complexes are not known; there is, however, no reason to assume that they should be lower. But even if they were lower by several orders of magnitude the rate of oxidation of cuprous ion as compared to the rate of oxidation of sulfito-cuprous complexes would still be negligible due to the ratio [Cu(S03)7t2n+1]/[Cu+].
The discrepancies outlined above lead to the conclusion that reactions (2) and (3) and conse quently also reaction (1) do probably not represent individual steps of sulfite aut oxidation. The problem now is whether thermal reaction of sulfite with oxygen proceeds really via radicals as has been assumed. If oxygen should react with sulfito-cuprous complexes instead of cuprous ion particles of the type [0 2Cu(S03)n]-2n+1 would result as intermediary products, and their reactions could be explained by a non-radical mechanism.
